plates were studied in connection with phase transition measured by X-ray diffractometry. The layers having a density of 1.0 X 10 ~' mol/cm2 were prepared by spreading methanol or diethyl ether solution of a sample compound over the plate on which a guarded aluminum electrode had previously formed in vacuum.
Introduction
Many surface-active substances are currently in use as external and internal antistatic agents to eliminate various electrostatic problems of synthetic polymer materials. Previous studies on the antistatic action of surface-active substances have revealed that such substances mixed into polymers tends to concentrate near the surface' } and that very effective results are obtained if a surfaceactive substance migrates toward the surface of the polymer material in sufficient concentration to form a monomolecular layer at the surface. However, only a few analyses have been carried out to clarify the microscopic behaviors of an antistatic agent molecule that exists in a polymer material, or the relations of the antistatic behaviors with the state of these molecules at the polymer surface. In conjunction with the antistatic function of a nonionic surface-active substance, the importance of the aggregation state of a thin molecular layer at the surface of polymer material has already been reported3'. Water molecules tend to bind to the hydrophilic region of each surfactant molecule thus providing a continuous hydrated layer which acts like a discharge route.
In the present study, electrical conductivities of thin layers of the title compounds on polymer plates will be discussed in connection with polymorphous transition phenomena. (abbreviated C16-glyceryl ether) were both purified synthetic products commercially available as Bathyl Alcohol-100 and Chimyl Alcohol-100 from the Nikko Chemicals Co., respectively. DSC measurement (rate of heating : 2°C/mm. n) showed that the temperature for the endothermic peak top was 69°C for the C18-glyceryl ether and 63°C for the C,6-glyceryl ether.
Extrapure grade octadecanol and hexadecanol were purchased from the Tokyo Kasei Kogyo Co., and used without further purification. 20 N, N-bis (2-hydroxyethyl) (C16~18) alkylamine (abbreviated dihydroxyethylalkylamine) was a commercial product of the Lion-Akzo Co., which was also used without further purification.
2.2 Measurements of water contents and X-ray diffraction of samples Under a reduced pressure (10 Torr or less) each sample was melted by heating to remove water. After solidification by cooling, the sample was pulverized into a powder of 60 mesh or less. The water content of the powder sample was measured by the Karl Fischer's method, and was maintained at 20°C in an air-tight container in which the humidity was controlled by sulfuric acid solution. The water content was then determined by measuring the change in weight of the samples.
X-ray diffraction measurements were made using Cu-Ka radiation, 40 kV, 20 mA, a scanning rate of 0.5°/min and a time constant of 2.0 s. A small angle scattering device was used for observing the long spacing region.
2.3 Evalution of electric conductivities of thin layers on polypropylene plates Polypropylene resin was molded into a sheet of 76 X 76 X 1.6 mm, on which circular aluminum electrodes as specified in ASTM D-257 were deposited in vacuum4). Specifically, the diameter of the main electrode (d1), the inside diameter (d2) and the outside diameter (d3) of a surrounding counter electrode, and the diameter of a guarding electrode on the back side of the plate were 25 mm, 38 mm, 50 mm, and 50 mm, respectively (abbreviated the sample plate). An 0-ring with a inside diameter of 60 mm was mounted to the surface of the sample plate and maintained horizontally with a jig. Then, 1.00 g of an ethyl ether or methyl alcohol solution containing the required amount of a sample compound was spread inside the 0-ring. After evaporation of the solvent, a slightly opaque thin layer was formed on the sample plate.
After being maintained under a constant temperature and humidity, an apparent resistivity (Ra) of the sample plate was measured by an insulation resistance meter (Toa Electronics in a shielded box. Ra was measured after applying a voltage for 1 min. A surface resistivity (RS) was calculated using the following equation :
The maximum measurable RS was 3X1016 because of the full scale limits of the measuring instrument. Fig, -1 shows the relationship of RS with the amount of dihydroxyethylalkylamine per unit area of sample plate. The value of RS became sufficiently low when the surface density was greater than approximately 3 X 10-8 mol/cm2. The surface density of 3 X 10-8 mol/cm2 corresponds to an existence of approximately 36 molecular layers, if the cross section of a dihydroxyethylal-0 kylamine molecule is assumed to be 20 A2 and a complete flatness of the plate is comfirmed. A requirement of much larger surface density than the caluculated value seems to be attributable to an ununif ormity of the molecular aggregation in the thin layers and to an imperfect flatness of the sample plates. Therefore, all thin layers in the following experiments were prepared under such a condition that the amount of sample per unit area was 1.0 X 10-7 mol/cm2. After the conductivity measurement was performed, each sample plate was subjected intact to X-ray dif f ractometry. On the other hand, all C16 and C18 mixed alkyl glyceryl ethers gave relatively small RS values within several days, though each mixture showed a somewhat different increasing pathway in R8, indicating that a mixing of alkyl glyceryl ethers with different alkyl chain lengths is indispensable for maintaining a favorable conductivity over a longer period. X-ray diffraction patterns were measured immediately after a thin layer was formed and in the course of storage at 20°C and 60 %RH as shown in Fig. -5 . For all sample plates, distinct diffraction peaks were detected in a long spacing region, while no definite diffraction peaks were detected in a short spacing region, suggesting that alkyl chains are substantially oriented perpendicular to the sample plates in any portions of a thin crystal layer. In the diffraction patterns for either C16-or C18-glyceryl ether, peaks both corresponding to a metastable hexagonal form (confirmed and designated as Form I by Lutton et a15)., 48 A and 52 A for C16-glyceryl ether and C18-glyceryl ether, respectively) and to the stable monoclinic form (Form I5), 42 A and 44 A for C16 and C18-glyceryl ether, respectively) were observed at the initial stage of the thin layer formation. Furthermore, a phase transition from the hexagonal to the monoclinic form proceeded more rapidly than one with C16-18 mixed alkyl glyceryl ether. On the other hand, a diffraction peak at an initial stage was limited to only the hexagonal form for C16~ 18 mixed alkyl glyceryl ether and the peak was maintained for a relatively long period. Fig. -6 shows the changes in the intensity of the X-ray diffraction peak which correspond to the monoclinic and hexagonal form of the mixed glyceryl ether with a C16/C18 mole ratio of 3/7. The peak intensity of the metastable hexagonal form decreased with increasing intensity of the monoclinic form. The result is consistent with the time-course of the change in RS shown in Fig.-4 (e) .
3.3 Crystal forms and electrical conductivities of higher alcohol thin layers (The plots in the bracket denote RS are more than the measurable limit) minimum8). Hoffman has shown9) that when C14~C22 nalcohols were heated above their melting points and then cooled down to undergo transition into the hexagonal form under a condition where the influence of water was negligible, the dielectric constants at 0. 5, 5.0 and 50 kHz increased by approximately 2 to 8 times that of the liquid state. Furthermore, it has been revealed that the dielectric constants went down to nearly the same value as that of the liquid state when the cooling was further proceeded with a transition of the crystal form into a monoclinic. Consequently having also observed an increase in specific conductivities, he concluded that these phenomena were attributable to the specific role of the hexagonal form which provides a possible site for a proton transfer mechanism by possessing freedom of rotation.
It is wellknown that the electrical conductivity of some nonionic surface active substances which have hydroxyl groups, such as dihydroxyethylalkylamine, is due to a binding of water molecules to each alkylamine, connected with an increase in the polarization3). According to the present results, however, the specific conductivities of the molecular aggregates of the surface active substances may also be promoted by controlling their crystal forms. The hexagonal form of molecular crystals composed of longchain amphiphiles is generally recognized as a metastable intermediate phase formed during the process of transition from the liquid state to a stable solid one10). The present observations on two systems indicate that the mixing of long-chain amphiphiles with a different alkyl chain length can be effective for extending the lifetime of the hexagonal form and consequently maintaining a relatively high electrical conductivity which is required for the antistatic function .
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